A recent article in the New England Journal of Medicine describes doctors in Los Angeles who were hiring undergraduate students to enter clinical data into new electronic health record (EHR) systems. The study' s author, Ann S O'Malley, uses this example to characterise the state of healthcare technology: "achieving [its] potential remains a daunting task." 1 This example captures the tension between what healthcare technology is supposed to do and the practical problems that continue to emerge in clinical contexts, therefore preventing these benefits from being realised. Since the doctors are not entering the data themselves, the ability to use that data to improve clinical decision-making is precluded. 2 In short, poor data capture for the key users of healthcare technology significantly limits the ability of users to use data to lower costs and improve outcomes. 3 Hiring people to enter data for doctors goes against the basic premise that technology should make tasks more efficient. The additional complexity, in terms of time needed to complete the task and the additional resources needed to support it, which define current systems, fractures the link between data capture and the ability to use data to improve quality outcomes.
Our examination of healthcare technology in developed clinical contexts seeks to understand this incongruent relationship between the aims of data-driven software and the clinical impact of current approaches to healthcare data. In the context of an emerging healthcare market such as Bach Mai Hospital in Hanoi, Vietnam, we recognise that certain assumptions about technology development and deployment can be revisited, with an opportunity to learn from the limitations and problems of current systems and without the burden of doing so with a pre-existing software system. We base our analysis on this assumption: healthcare data should improve the quality outcomes that patients experience.
One of the key elements that we identify as problematic in the current use of healthcare data products is what we term a 'top-down' approach to data capture. In this approach, there is an assumption that complexity in software design is intrinsically necessary to achieve results. In other words, computing power is taken as a positive within the clinical context, without considering the various costs and shortcomings of using such a system. Too often this approach ignores the specific needs of clinicians. If data capture is efficient, doctors will be able to receive feedback from that data to encourage care decisions that can lead to lower costs and higher quality outcomes.
These two metrics are crucial to evaluating the success of healthcare technology. As Michael Porter argues when considering the foundations of transformative change in healthcare: "Cost reduction without regard to the outcomes achieved is dangerous and self-defeating, leading to false 'savings' and potentially limiting effective care." 4 In other words, focusing only on cost, which characterises much of current best practices in healthcare technology, will produce little, if any, lasting positive impact. 5 Data must be used to drive care towards quality, or there will be limited success from the introduction of technology into a clinical context.
The shortcomings of current healthcare technology
We describe above a case where healthcare technology requires greater resources in terms of personnel and time. Technology should simplify clinical practice if it is to replace a pen-andpaper system of keeping records, but all too often systems that claim to be cutting edge create the need for additional resources. In a complex environment like the intensive care unit, this is particularly the case.
The problematic state of technology in healthcare is captured in Edward Tenner' s revealing study on unintended consequences. Tenner argues: "whenever we try to take advantage of some new technology, we may discover that it induces behaviour which appears to cancel out the very reason for using it." 6 More specifically, when technology is more complex than the thing it replaces (as EHR systems are compared to the pen-and-paper record keeping systems they replace), there is a greater need for vigilance and the need for a new set of competencies. 7 In other words, the use of complex technologies creates the need for additional infrastructure to maintain the system and, moreover, previously unneeded expertise for doctors to use the system. As we discuss below, this bias towards complexity in healthcare technology is a key reason that the clinical impact of healthcare technology has been so limited.
If technology is to add value for doctors, then it must be simple to learn and to use in order to overcome what is known as the 'IT productivity paradox.' 2 As Jones et al point out: "the computing capacity of the US economy increased more than a hundredfold while the rate of productivity growth fell dramatically to less than half the rate of the preceding 25 years." In health care, this relationship is pronounced with the
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PM Thong, NG Binh, DX Co, VV Dinh, J Heit, RA Donaldson, JJ Heit advent of EHR systems. Entering patient data now takes up to 30% more time than pen-and-paper systems. The problem with the IT productivity paradox in health care is, Jones et al conclude, serious: "New health IT systems risk failure if usability isn't carefully addressed." 2 In order to counter this paradox, a user-centric approach is needed to leverage the potential for positive impact on quality and cost. For Porter, the place to begin thinking about value in these terms is the patient' s specific and unique condition. 4 How the physician engages the patient given the particularities of the patient' s condition should, therefore, drive how usability of healthcare technology is designed and implemented. Technology must generate value at the point of care. 8
Reconsidering the role of data in healthcare technology
In general terms, healthcare technology needs to achieve its goal through a system that can capture data easily at the point of care and immediately feed that data back to physicians. A crucial step to success is to avoid the lack of 'liquidity of the data' that EHRs collect. If data is not accessible or applicable to the physician' s clinical experience, the likely result is higher costs and no measurable impact on quality. 3 In his recent book 'Irrationality in Healthcare', Douglas E. Hough frames the extent that the limits of technology' s success result from a lack of input by those who will use the technology most: doctors. 9 Though doctors are the crucial factor in determining the effects of technology, current software systems tilt heavily away from the practical considerations (ie, what doctors need) that would make technology effective in improving care first and foremost, with the downstream benefit of lowering costs. The driving force within these systems seems to be a desire for volumes of data, stored and sorted in a complex way. The result is the kind of time and resource constraint mentioned above. Doctors don't want (or necessarily need) as much information as can be acquired. Rather, they need to collect and interact with data in a focused manner, which in turn reflects the realities of their clinical experiences. 10 Overemphasis on volume misdirects the role of technology in health care. A core principle we wish to impart is reversing this dynamic. In our opinion, technology should not reflect the as-much-as-possible mentality; rather, it should be designed and structured to assess and influence care patterns. We recognise, along with Hough, that the size of a dataset is not intrinsically beneficial. 11 In place of the ability to nest significant amounts of detail within a variety of functionalities, we argue for a narrower focus on capturing only the data points that are needed to diagnose and treat a patient. This information should be readily recalled and should not require unnecessary clicks to access. In short, healthcare technology should be designed to work alongside a doctor' s clinical knowledge and support their experiential basis for providing care. The litmus test for the usefulness of data in this way would be whether a doctor had to divert significant time and/or attention to interact with the software that captures and provides feedback on their encounter with a patient.
New technology can take upwards of a year to learn the system. Adaptation requires a much more user-centric approach. Doctors should know where to get needed information and how to use that information in a way that is similar to using an iPad (a notoriously intuitive system to use). Thick instruction manuals and steep learning curves should be replaced by the ability to use software comfortably, essentially out of the box. Such simplicity of use would then open into more complex behaviours as users intuitively explore the complexities that this approach would allow. We believe this is the best conceptual approach to incorporating data into a clinical setting.
For data to have impact at the point of care, it must first be captured efficiently. Anwar A. Hussain argues that: "Poor usability of systems has prevented the capture of data at the level needed to conduct solid analysis." 12 We accept this and, therefore, define efficiency as ease of system use and the amount of time needed to enter a patient encounter. Further, this ease of use must be realised within a clinical context where time is an important consideration. Finally, the data should provide an accurate reflection of a physician' s decisions, or risk a technology that serves "only to demoralise doctors." 13 Once data has been captured, the next consideration is how to use that data to support clinical decisions. This is a crucial second step in healthcare technology to avoid the problem of misunderstanding the aggregate story that a patient' s data tells. Failure to do so is a hallmark of poor data use, as it leads to seeing "patterns that aren't there." 14 Inaccurate data is risky for the patient and even if it does not result in directly harmful decisions, it can consume resources by delaying accurate diagnoses and treatment. 15 Macro-data that predefine patterns that subsequently drive care decisions risk obscuring the particulars that unfold in each patient-physician interaction. In short, helpful data should minimise 'noise' 16 by calibrating any feedback to the specifics of the patient whom the physician is encountering. Such precision requires a real-time update of how the specifics of an encounter relate both to the medical history for that patient and the provider' s own history of care decisions.
Hussain argues that achieving higher quality is based on this approach to data. He writes: "quality improvement is a dynamic, cyclical process in which clinical data are captured, knowledge is created and disseminated, and changes in care based on that knowledge are fed back into the cycle." 12 As more data is accumulated, maintaining an adaptive database is crucial. Since the increase in the volume of data creates a greater chance of providing misinformation or obscuring the right information, 17 there exists the need to avoid retrospective reading of data to fit a hypothesis that comes from outside the data that the physician-patient encounter generates. 18 In other words, the advent of Big Data in healthcare technology must become a system where Smart Data drives clinical decisions. Importantly, expectations about what the data reveal must not be structured a priori; it should evolve in a way that allows local patterns to emerge.
Conclusion
We conclude this article by sharing the driving methodological question we have asked in thinking how we would design and implement a more efficient technology ecosystem in an emerging market context: what do physicians need at the point of care? This question with respect to data capture and feedback should be the foundation of how technology in general, and data analysis in particular, merges with the emerging market' s clinical context. By focusing on quality as both the driver of data capture and feedback, as well as the guiding metric for evaluating the impact of the data, we suggest that many of the problematic complexities that limit the effectiveness of healthcare technology in developed healthcare systems could be simplified or avoided altogether.
